NON- VOLATILE SEMICONDUCTOR MEMORY DEVICE AND 
METHOD OF MANUFACTURING THE SAME 



Japanese Patent Application No. 2003-54451, filed on February 28, 2003, is 
5 hereby incorporated by reference in its entirety. 



BACKGROUND OF THE INVENTION 
The present invention relates to a non- volatile semiconductor memory device 
including a non- volatile memory element which is controlled by a word gate and a 
10 select gate. 

As an example of a non- volatile semiconductor memory device, a MONOS 
(Metal-Oxide-Nitride-Oxide-Semiconductor or -Substrate) non-volatile semiconductor 
memory device is known. In the MONOS non-volatile semiconductor memory device, 
a gate insulating film between a channel and a gate is formed of a laminate consisting of 

15 a silicon oxide film, a silicon nitride film, and a silicon oxide film, and a charge is 
trapped in the silicon nitride film. 

As such a MONOS non- volatile semiconductor memory device, a MONOS flash 
memory cell including a non- volatile memory element (MONOS memory element) 
controlled by one select gate and one control gate is disclosed (see Japanese Patent 

20 Application Laid-open No. 6-181319, Japanese Patent Application Laid-open No. 11- 
74389, U.S. Patent No. 5,408,1 15, and U.S. Patent No. 5,969,383, for example). 



BRIEF SUMMARY OF THE INVENTION 
The present invention may provide a non- volatile semiconductor memory device 
25 having a small layout area. 

According to a first aspect of the present invention, there is provided a non- 
volatile semiconductor memory device comprising: 
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a memory cell array including a plurality of memory cells arranged in a column 
direction and a row direction, wherein: 

each of the memory cells has a source region, a drain region, a channel region 
disposed between the source region and the drain region, a word gate disposed to face 
the channel region, and a non- volatile memory element provided between the word gate 
and the channel region; and 

a longitudinal section of the word gate has a base, a side which is perpendicular 
to the base, and a curved side which connects the base to the side. 

Each of the memory cells may have a word gate support section which faces the 
side of the word gate; and a longitudinal section of the word gate support section may 
have a base, a side which is perpendicular to the base, and a curved side which connects 
the base to the side. 

A bitline may be connected in common to the drain regions of the memory cells 
in each column; and the word gate support section may be formed of an insulator. 

Alternatively, a bitline may be connected in common to the source regions of the 
memory cells in each column; and the word gate support section may be formed of an 
insulator. 

Alternatively, a bitline may be connected in common to the drain regions of the 
memory cells in each column; the word gate support section may be formed of a 
conductor; and the word gate support section may be insulated from the word gate and 
the drain region. 

A bitline may be connected in common to the source regions of the memory 
cells in each column; and the non- volatile semiconductor memory device may further 
comprise a conductor which is electrically connected to the drain region and is insulated 
from the word gate in each of the memory cells. 

The non- volatile memory element may be formed to extend between the word 
gate and the word gate support section. 



Alternatively, the non- volatile memory element may be formed to extend 
between the word gate and the conductor. 

The non- volatile semiconductor element may be formed of an ONO film which 
includes two oxide films (O) and a nitride film (N) between the two oxide films (O). 
5 According to a second aspect of the present invention, there is provided a 

method of manufacturing a non- volatile semiconductor memory device, comprising: 

forming a base material layer on a semiconductor layer and patterning the base 
material layer; 

forming a trap layer on the entire surface of the semiconductor layer on which 
10 the base material layer is formed; 

forming a first conductive layer on the trap layer, and shaping the first 
conductive layer into a plurality of sidewalls respectively provided on the sides of the 
patterned base material layer with the trap layer interposed; 

forming a first insulating film which covers the sidewalls of the first conductive 
1 5 layer and the base material layer; 

forming a second conductive layer which is in contact with the semiconductor 
layer between adjacent two of the sidewalls of the first conductive layer; and 
shaping the base material layer into a plurality of sidewalls. 
The base material layer may be an insulating layer. 
20 Alternatively, the base material layer may be a conductive layer. 

According to a third aspect of the present invention, there is provided a method 
of manufacturing a non-volatile semiconductor memory device, comprising: 

forming a two-layer structure including a trap layer disposed on a semiconductor 
layer and a first conductive layer formed on the trap layer; 
25 forming a plurality of word gate support sections each having a shape of 

sidewall respectively on the sides of the two-layer structure; 
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forming a second conductive layer which is in contact with the semiconductor 
layer between adjacent two of the word gate support sections; 

shaping the first conductive layer into a plurality of word gate layers each 
having a shape of sidewall; and 

etching part of the trap layer between adjacent two of the word gate layers. 

According to a fourth aspect of the present invention, there is provided a method 
of manufacturing a non-volatile semiconductor memory device, comprising: 

forming a first conductive layer which is in contact with a diffusion region in a 
semiconductor layer; 

forming a trap layer on the entire surface of the semiconductor layer on which 
the first conductive layer is formed; 

forming a second conductive layer on the trap layer; 

shaping the second conductive layer into a plurality of sidewalls respectively 
provided on the sides of the first conductive layer; and 

etching part of the trap layer between adjacent two of sidewalls of the second 
conductive layer. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

FIG. 1 is a block diagram showing the entire configuration of a non- volatile 
semiconductor memory device according to one embodiment of the present invention. 

FIG. 2 is a diagram showing a memory block according to one embodiment of 
the present invention. 

FIG. 3 is a cross-sectional view showing a memory block according to a first 
embodiment of the present invention. 

FIG. 4 is another cross-sectional view showing a memory block according to the 
first embodiment. 



FIG. 5 is a cross-sectional view showing a memory block according to a 
modification of the first embodiment. 

FIG. 6 is a schematic perspective view showing a part of the memory block in 

FIG. 3. 

5 FIG. 7 is a graph showing the relationship between the charge and a current in 

an ONO film. 

FIG. 8 is a diagram showing a part of a memory block according to a first 
comparative example relating to the first to fourth embodiments. 

FIG. 9 is a cross-sectional view showing a part of a memory block according to 
10 a second comparative example relating to the first to fourth embodiments. 

FIG. 10 is a cross-sectional view showing a memory block according to a 
second embodiment of the present invention. 

FIG. 1 1 is a cross-sectional view showing a memory block according to a 
modification of the second embodiment. 
15 FIG. 12 is a cross-sectional view showing a memory block according to another 

modification of the second embodiment. 

FIG. 13 is a diagram showing a part of a memory block according to the second 
embodiment of the present invention. 

FIG. 14 is a cross-sectional view showing a memory block according to a third 
20 embodiment of the present invention. 

FIG. 15 is a cross-sectional view showing a memory block according to a 
modification of the third embodiment. 

FIG. 16 is a cross-sectional view showing a memory block according to a fourth 
embodiment of the present invention. 
25 FIG. 17 is a cross-sectional view showing a memory block according to a 

modification of the fourth embodiment. 
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FIG. 18 is a cross-sectional view showing a step in the method of manufacturing 
a non-volatile semiconductor memory device according to the first and second 
embodiments of the present invention. 

FIG. 19 is a cross-sectional view showing a step in the method of manufacturing 
5 a non- volatile semiconductor memory device according to the first and second 
embodiments of the present invention. 

FIG. 20 is a cross-sectional view showing a step in the method of manufacturing 
a non-volatile semiconductor memory device according to the first and second 
embodiments of the present invention. 
10 FIG. 21 is a cross-sectional view showing a step in the method of manufacturing 

a non-volatile semiconductor memory device according to the first and second 
embodiments of the present invention. 

FIG. 22 is a cross-sectional view showing a step in the method of manufacturing 
a non-volatile semiconductor memory device according to the first and second 
1 5 embodiments of the present invention. 

FIG. 23 is a cross-sectional view showing a step in the method of manufacturing 
a non- volatile semiconductor memory device according to the first and second 
embodiments of the present invention. 

FIG. 24 is a cross-sectional view showing a step in the method of manufacturing 
20 a non- volatile semiconductor memory device according to the first and second 
embodiments of the present invention. 

FIG. 25 is a cross-sectional view showing a step in the method of manufacturing 
a non-volatile semiconductor memory device according to the first and second 
embodiments of the present invention. 
25 FIG. 26 is a cross-sectional view showing a step in the method of manufacturing 

a non- volatile semiconductor memory device according to the third embodiment of the 
present invention. 
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FIG. 27 is a cross-sectional view showing a step in the method of manufacturing 
a non- volatile semiconductor memory device according to the third embodiment of the 
present invention. 

FIG. 28 is a cross-sectional view showing a step in the method of manufacturing 
5 a non- volatile semiconductor memory device according to the third embodiment of the 
present invention. 

FIG. 29 is a cross-sectional view showing a step in the method of manufacturing 
a non- volatile semiconductor memory device according to the third embodiment of the 
present invention. 

10 FIG. 30 is a cross-sectional view showing a step in the method of manufacturing 

a non- volatile semiconductor memory device according to the third embodiment of the 
present invention. 

FIG. 3 1 is a cross-sectional view showing a step in the method of manufacturing 
a non-volatile semiconductor memory device according to the third embodiment of the 
15 present invention. 

FIG. 32 is a cross-sectional view showing a step in the method of manufacturing 
a non-volatile semiconductor memory device according to the fourth embodiment of the 
present invention. 

FIG. 33 is a cross-sectional view showing a step in the method of manufacturing 
20 a non- volatile semiconductor memory device according to the fourth embodiment of the 
present invention. 

FIG. 34 is a cross-sectional view showing a step in the method of manufacturing 
a non- volatile semiconductor memory device according to the fourth embodiment of the 
present invention. 

25 FIG. 35 is a cross-sectional view showing a step in the method of manufacturing 

a non- volatile semiconductor memory device according to the fourth embodiment of the 
present invention. 
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FIG. 36 is a cross-sectional view showing a step in the method of manufacturing 
a non- volatile semiconductor memory device according to the fourth embodiment of the 
present invention. 

FIG. 37 is a cross-sectional view showing a step in the method of manufacturing 
a non- volatile semiconductor memory device according to the fourth embodiment of the 
present invention. 

FIG. 38 is a cross-sectional view showing a step in the method of manufacturing 
a non-volatile semiconductor memory device according to the fourth embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE EMBODIMENT 
1 . First embodiment 

A first embodiment of the present invention is described below with reference to 
the drawings. 

1 . 1 Entire configuration and memory block 

FIG. 1 is a block diagram showing the entire configuration of a non-volatile 
semiconductor memory device according to one embodiment of the present invention. 
A memory cell array 4000 includes a plurality of memory cells 410 (illustrated later) 
arranged along a row direction X and a column direction Y. The memory cell array 
4000 includes a plurality of memory blocks 400. A plurality of types of voltages are 
generated by a power supply circuit 100. The voltages generated by the power supply 
circuit 100 are supplied to the memory blocks 400 through a plurality of voltage supply 
lines. The memory cell array 4000 includes a bitline driver section (not shown) which 
drives bitlines 60 (illustrated later) in the memory cell array 4000. 

FIG. 2 is a circuit diagram showing a part of the memory block 400. The 
memory block 400 includes a plurality of wordlines 50, a plurality of bitlines 60, a 
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plurality of source lines 80, and a plurality of memory cells 410. The memory block 
400 includes a word line driver section 300 and a source line driver section (not shown). 
In FIG. 2, the area encircled by a dotted line indicates the memory cell 4i0. 

The memory cell 410 includes a word gate support section 411, a word gate 412, 
5 and an ONO film 413 (illustrated later). The structure of the memory cell 410 is 
described later in detail. 

The wordline driver section 300 includes a plurality of unit wordline driver 
sections 310. The wordline 50 connects in common the word gates 412 (illustrated 
later) of the memory cells 410 disposed in the memory block 400 along the row 
10 direction X. 

The bitline 60 connects in common bitline diffusion layers BLD (illustrated 
later) of the memory cells 410 in the column direction Y. The source line 80 connects 
in common source line diffusion layers SLD (illustrated later) of the memory cells 410 
in the row direction X. 

15 FIG. 3 is a cross-sectional view of a part of the memory block 400. A numeral 

414 indicates a substrate. The bitline 60 may be formed of a conductor (metal, for 
example). The word gate support section 41 1 and the word gate 412 are disposed on an 
upper layer of a channel region between source/drain regions (diffusion layers indicated 
by the symbol BLD or SLD in FIG. 3) through an insulator film (SiC>2, for example). 

20 The insulator film may be formed of a nitride oxide film. The word gate support section 
41 1 is disposed on an upper layer of the bitline diffusion layer BLD. The nitride film 
417 (SiN, for example) is formed between the word gate 412 and the channel region in 
the shape of the letter "L" (or inverted L shape). The word gate support section 41 1 is 
formed of an insulator (SiC>2, for example). The word gate 412 may be formed of 

25 polysilicon. A symbol PSLD indicates a poly plug (plug made of polysilicon). The 
poly plug PSLD may be formed of a conductor other than polysilicon. The poly plug 
PSLD has an effect of reducing the resistance of the source line diffusion layer SLD. 



The bitline diffusion layer BLD is shared by two memory cells 410 disposed on 
either side of the bitline diffusion layer in the column direction Y. The source line 
diffusion layer SLD is shared by two memory cells 410 disposed on either side of the 
source line diffusion layer in the column direction Y. In the cross section shown in 
5 FIG. 3, the bitline diffusion layers BLD are connected in common with the bitline 60 
along the column direction Y. In the drawings, sections indicated by the same symbols 
as in FIG. 3 have the same meanings as in FIG. 3. 

FIG. 4 is a view showing a part of FIG. 3. The ONO film 413 has a structure in 
which the nitride film 417 is sandwiched between films of an insulator 416 (SiC>2, for 
10 example). As a modification according to this embodiment, the nitride film 417 of the 
memory cell 410 need not be formed to extend between the word gate support section 
411 and the word gate 412, as shown in FIG. 5. 

A silicide (not shown) may be formed on the surface of the word gate 412. A 
Co silicide or Ti silicide may be used as the silicide (not shown), for example. This 
15 enables the resistance of the word gate 412 to be reduced. 

The bitline diffusion layer BLD and the source line diffusion layer SLD may 
each be replaced by the other, differing from the above-described structure. In this case, 
the output voltage of the bitline driver section (not shown) and the output voltage of the 
source line driver section (not shown) may each be replaced by the other. This 
20 configuration is described later. 

FIG. 6 is a schematic oblique view three-dimensionally showing a part of FIG. 
3. In FIG. 6, the bitline diffusion layers BLD are isolated in the row direction X by an 
element isolation section 419 (shallow-trench-isolation (STI), for example). This 
enables the bitlines 60 to be electrically isolated in units of memory cells 410 arranged 
25 along the row direction X. Since the word gate 412 is continuously formed along the 
row direction X, the word gate 412 may be used as the wordline 50. A metal 
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interconnect may be backed along the word gate 412, and the metal interconnect may be 
used as the wordline 50. 

1.2. Operations 

In this embodiment, the memory cell 410 is accessed in units of the memory 
blocks 400. Specifically, the memory cell 410 is selected by selecting one memory 
block 400, and selecting one memory cell 410. The memory cell 410 selected is called 
a selected memory cell. The memory block 400 including the selected memory cell is 
called a selected memory block, and the memory blocks 400 other than the selected 
memory block are called unselected memory blocks. 

The wordline 50 selected from among the plurality of wordlines 50 is called a 
selected wordline, and the wordlines 50 other than the selected wordline are called 
unselected wordlines. The bitline 60 selected from among the plurality of bitlines 60 is 
called a selected bitline, and the bitlines 60 other than the selected bitline are called 
unselected bitlines. The source line 80 selected from among the plurality of source lines 
80 is called a selected source line, and the source lines 80 other than the selected source 
line are called unselected source lines. 

The wordlines 50, the bitlines 60, and the source lines 80 in the unselected 
memory block are set at an unselected memory block voltage (0 V) in all operations. 
Each operation (standby, read, program, and erase) is described below with reference to 
FIG. 2. 

1.2.1 Standby 

All the wordlines 50 are set at a standby word voltage (0 V). All the bitlines 60 
are set at a standby bit voltage (0 V). All the source lines 80 are set at a standby source 
voltage (0 V). 
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All the memory cells 410 in the memory cell array 4000 (in the selected memory 
block and the unselected memory blocks) are set at the above-described voltage 
application state during standby. 

5 1.2.2 Read 

The memory cell 410 encircled by a dotted line in FIG. 2 indicates a selected 
memory cell. The wordline 50 connected with the selected memory cell (selected 
wordline) is charged to a read selected word voltage (power supply voltage Vcc). All 
the source lines 80 in the selected memory block are set at a read selected source 

10 voltage (0 V). The bitline 50 connected with the selected memory cell (selected bitline) 
is set at a read selected bit voltage (Vsa, 1 V, for example), and other bitlines 60, that is, 
all the unselected bitlines in the selected memory block are set at a read unselected bit 
voltage (0 V). All the unselected wordlines in the selected memory block are set at a 
read unselected word voltage (0 V). A read substrate voltage (0 V) is applied to the 

1 5 substrate 414 in the selected memory block. 

The above-described voltage application state causes a channel to be formed in 
the channel region between the source line diffusion layer SLD and the bitline diffusion 
layer BLD on either side of the selected memory cell. Since the word gate 412 of the 
selected memory cell is charged to the read selected word voltage (Vcc), a channel 

20 current flows through the channel region . This allows a current (IDS) to flow through 
the channel region between the source line diffusion layer SLD and the bitline diffusion 
layer BLD on either side of the selected memory cell. 

The three-region structure consisting of the word gate 412, the ONO film 413, 
and the channel region of the memory cell 410 may be considered as a MOS transistor. 

25 In this case, the threshold value of the transistor becomes higher in a state in which a 

charge is trapped in the ONO film 413 than in a state in which a charge is not trapped in 
the ONO film 413. FIG. 7 shows the correlation between the presence or absence of a 



12 



charge and a current which flows between the source line diffusion layer SLD and the 
bitline diffusion layer BLD. 

In FIG. 7, in the case where a voltage Vread is applied to the word gate 412, 
about 20 |iA of current IDS flows when a charge is not trapped in the ONO film, and 
5 the current IDS flows only to a small extent when a charge is trapped in the ONO film. 
Specifically, since the threshold value of the transistor increases when a charge is 
trapped in the ONO film, the current IDS flows only to a small extent if the voltage 
applied to the word gate 412 is the voltage Vread. 

The data retained in the selected memory cell can be read by reading the amount 

10 of current using a sense amplifier (not shown) disposed for each bitline 60. 

This is the principle of reading data from the selected memory cell. The above- 
described read operation is a forward read. Specifically, a higher voltage is applied to 
the bit line diffusion layer BLD than to the bitline diffusion layer BLD in the same 
manner as in the program operation. A reverse read may also be used as the read 

1 5 method. In this case, the voltages applied to the source line diffusion layer SLD and the 
bitline diffusion layer BLD in this embodiment are each replaced by the other. 

The voltage application state during reverse reading is described below. The 
selected wordline is charged to a reverse read selected word voltage (power supply 
voltage Vcc). The source lines 80 in the selected memory cell are set at a reverse read 

20 selected source voltage (Vcc). The selected bitline is set at a reverse read selected bit 
voltage (Vcc - Vsa), and all the unselected bitlines in the selected memory block are set 
at a reverse read unselected bit voltage (0V). All the unselected wordlines are set at a 
reverse read unselected word voltage (0 V). A read substrate voltage (0 V) is applied to 
the substrate 414 in the selected memory block. The principle of reading data from the 

25 memory cell 410 is the same as that of the forward read. A channel current flows 

through the channel formed between the bitline diffusion layer BLD and the source line 
diffusion layer SLD of the selected memory cell by application of the voltage to the 



word gate 412 of the selected memory cell. The selected bitline is charged to the 
reverse read selected bit voltage (Vcc - Vsa). The bitlines 60 other than the selected 
bitline are set at 0 V. The voltage Vsa may be 1 V, for example. Therefore, a current 
flows from the source line to the selected bitline line which is set at (Vcc - Vsa). In 
5 the case of the selected memory cell in which a charge is not trapped in the ONO film 
413, a greater amount of current flows through the channel region of the selected 
memory cell. 

Table 1 shows the voltage application state during reading. The unselected 
memory cell A in Table 1 indicates one among the unselected memory cells in the 

10 selected memory block in which neither the bitline nor the word line are connected in 
common to the selected memory cell. The unselected memory cell B in Table 1 
indicates one among unselected memory cells in the selected memory block in which 
not the word line but the bitline is connected in common to the selected memory cell. 
The unselected memory cell C in Table 1 indicates one among unselected memory cells 

15 in the selected memory block in which not the bitline but the word line is connected in 
common to the selected memory cell. A numerical value or Vcc in the cell in Table 1 
indicates a voltage value. A symbol WL indicates the wordline 50, and a symbol SL 
indicates the source line 80. A symbol BL indicates the bitline 60. In all tables, 
symbols the same as the symbols as in Table 1 have the same meanings as in Table 1. 

20 
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Table 1 







Selected block 








Unselected 
memroy cell 
A 


Unselected 
memory cell 
B 


Unselected 
memory cell 
C 


Selected 
memory cell 


Unselected 
block 


Forward 
read 


WL 


0 V 


0 V 


Vcc 


Vcc 


0 V 


SL 


0 V 


OV 


0 V 


0 V 


0 V 


BL 


0 V 


Vsa 


0 V 


Vsa 


0 V 


Reverse 
read 


WL 


OV 


0 V 


Vcc 


Vcc 


0 V 


SL 


OV 


Vcc 


0 V 


Vcc 


0 V 


BL 


0 V 


Vcc - Vsa 


0 V 


Vcc - Vsa 


0 V 



The unselected block in Table 1 is in the same state as the standby state. The 
unselected block is also in the same state as the standby state during programming and 
5 erasing. 

As shown in Table 2, the applied voltages for the symbol SL (source line 80) 
and the symbol BL (bitline 60) may each be replaced by the other in the forward read 
and the reverse read. Since the gate element which controls the current which flows 
through the channel in the selected memory cell is only the word gate 412, the current 
10 can be caused to flow through the channel of the memory cell 410 in either direction. 
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Table 2 







Selected block 


Unselected 
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Unselected 
memroy cell 

A 

A 


unseiccieu 
memory cell 
B 


TT 

Unselected 
memory ecu 


Selected 
memory cell 


block 


Forward 
read 


WL 


0 V 


0 V 


Vcc 


Vcc 


0 V 


SL 


0 V 


Vsa 


0 V 


Vsa 


OV 


BL 


0 V 


0 V 


0 V 


0 V 


OV 


Reverse 
read 


WL 


0 V 


0 V 


Vcc 


Vcc 


OV 


SL 


0 V 


Vcc - Vsa 


0 V 


Vcc - Vsa 


OV 


BL 


0 V 


Vcc 


OV 


Vcc 


OV 



1.2.3 Program 

The wordline 50 connected with the selected memory cell (selected wordline) is 
charged to a program selected word voltage (5.5 V). All the unselected wordlines in the 
5 selected memory block are set at a program unselected word voltage (0 V). The source 
line 80 connected with the selected memory cell (selected source line) is charged to a 
program selected source voltage (5 V), and all the unselected source lines are set at a 
program unselected source voltage (0 V). The bitline 60 connected with the selected 
memory cell (selected bitline) is charged to a program selected bit voltage (0 V), and the 
1 0 bitlines 60 other than the selected bitline, that is, all the unselected bitlines in the 

selected memory block are set at a program unselected bit voltage (Vcc). A program 
substrate voltage (0 V) is applied to the substrate 414 in the selected memory block. 

The above-described voltage application state causes a channel to be formed in 
the channel region between the source line diffusion layer SLD and the bitline diffusion 
1 5 layer BLD on either side of the selected memory cell. Since the word gate 412 of the 
selected memory cell is charged to the program selected word voltage (5.5 V), electrons 
injected into the channel region become hot electrons. The hot electrons are drawn 
toward the word gate. The hot electrons drawn toward the word gate are trapped in the 
ONO film 413. This is the principle of writing (programming) data into the selected 
20 memory cell. 

Table 3 shows the voltage application state during programming. 



Table 3 







S elected block 


Unselected block 


Unselected memory cell 


Selected memory cell 


Program 


WL 


5.5 VorO V 


5.5 V 


0 V 


SL 


0 V or 5 V 


5 V 


0 V 


BL- 


Vcc 


0 V 


0 V 



The cell for the symbol WL in the unselected memory cell has a value of 5.5 V 
5 or Vcc. This is because the unselected memory cells include an unselected memory cell 
connected with the selected wordline and an unselected memory cell which is not 
connected with the selected wordline. This also applies to the symbol SL. This is 
because the unselected memory cells include an unselected memory cell connected with 
the selected source line and an unselected memory cell which is not connected with the 
10 selected source line. The unselected block is in the same state as the standby state as 
described above. 

The applied voltages for the symbol SL (source line 80) and the symbol BL 
(bitline 60) may each be replaced by the other in the same manner as in the read 
operation (see Table 4). 
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Table 4 







Selected 


block 


Unselected block 


Unselected memory cell 


Selected memory cell 


Program 


WL 


5.5 VorO V 


5.5 V 


0 V 


SL 


Vcc 


0 V 


0 V 


BL 


0 V or 5 V 


5 V 


0 V 



The cell for the symbol BL in the unselected memory cell has a value of 0 V or 
5 V. This is because the unselected memory cells include an unselected memory cell 
20 connected with the selected bitline and an unselected memory cell which is not 
connected with the selected bitline. 
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1.2.4 Erase 

The erase operation is performed for all the memory cells 410 in the selected 
memory block. Specifically, all the memory cells 410 in the selected memory block are 
selected memory cells. All the wordlines 50 in the selected memory block are charged 
5 to an erase word voltage (-3 V). All the source lines 80 in the selected memory block 
are charged to an erase source voltage (5 V). All the bitlines 60 in the selected memory 
block are set at an erase bit voltage (0 V). An erase substrate voltage (0 V) is applied to 
the substrate 414 in the selected memory block. 

The above-described voltage application state generates an electric field 
10 between the word gate 412 and the source line diffusion layer SLD, since the word gate 
412 of the memory cell 410 in the selected block is charged to the erase word voltage (- 
3 V). The charge (electrons) which has been trapped in the ONO film 413 can be erased 
by hot holes generated by the application of the electric field. 

Table 5 shows the voltage application state during erasing (erase by hot holes). 
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Table 5 







Selected block 


Unselected block 


Selected memory cell 


Erase 


WL 


-3 V 


0 V 


SL 


5 V 


0 V 


BL 


0 V 


0 V 



The applied voltages for the symbol SL (source line 80) and the symbol BL 
(bitline 60) may each be replaced by the other in the same manner as in the read 
20 operation (see Table 6). 



Table 6 







Selected block 


Unselected block 


Selected memory cell 


Erase 


WL 


-3 V 


OV 


SL 


0 V 


OV 


BL 


5 V 


OV 
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In this embodiment, data is erased by the hot holes. However, data may be 
erased by using a Fowler-Nordheim (FN) erase method. All the wordlines 50 in the 
selected memory block are charged to an FN erase word voltage (-8 V). All the source 
5 lines 80 in the selected memory block are set at a floating state or at an FN erase source 
voltage (5 V). All the bitlines 60 in the selected memory block are set at an erase bit 
voltage (5 V). An FN erase substrate voltage (5 V) is applied to the substrate 414 
(symbol Pwell) in the selected memory block. The FN erase method uses FN tunneling. 
The principle of this method is that the charge (electrons) in the ONO film 413 is 
10 released to the outside the ONO film 413 by a tunnel effect by applying a given electric 
field (voltage difference of 13 V, for example) to the ONO film 413. 

The unselected memory block during the erase operation (erase by hot holes and 
FN erase) is in the same voltage application state as the standby state. 

Table 7 shows the voltage application state during erasing (FN erase). 
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Table 7 







Selected block 


Unselected block 


Selected memory cell 


Erase 


WL 


-8 V 


0 V 


SL 


5 V 


0 V 


BL 


5 V 


0 V 


Pwell 


5 V 


OV 



1 .3. Comparison example and effect 

FIG. 8 is a view showing a part of the memory block 400 in a first comparative 
20 example. In FIG. 8, one wordline 50 and one select line 70 are connected with each of 
the memory cells 410 in the memory block 400 in the first comparative example. The 
wordline 50 and the select line 70 are respectively driven by a unit wordline driver 
section 320 and a unit select line driver section 330. Specifically, in the first 
comparative example, the unit wordline driver sections 320 and the unit select line 
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driver sections 330 are necessary for the number of wordlines 50 and the number of 
select lines 70 in the memory block 400. Moreover, since the interconnect pitch is 
limited, it is necessary to contrive the arrangement method in order to dispose a large 
number of driver sections. This results in an increase in the layout area. 

On the other hand, since the memory block 400 in this embodiment does not 
include the select line 70 used in the first comparative example, it is unnecessary to 
separately provide a unit driver section for the select line 70. Since the driver section 
exclusive for the select line 70 can be omitted, the layout area can be significantly 
reduced. 

FIG. 9 is a cross-sectional view showing a part of the memory block 400 in a 
second comparative example. A numeral 421 in FIG. 9 indicates a select gate. The 
memory cell 410 in the second comparative example includes the select gate 421, the 
word gate 412, and the ONO film 413. 

In this embodiment, the word gate 412 in the memory cell 410 is formed in the 
shape of a sidewall, and one word gate 412 is formed on one channel region. Therefore, 
the area of one memory cell 410 is reduced in this embodiment in comparison with the 
second comparative example. This enables the layout area of the memory cell array 
4000 to be designed to be small. 

In this embodiment, since the current which flows through the channel region in 
the memory cell 410 is controlled by one gate element (word gate 412), the layout of the 
memory cell array 4000 can be designed without taking into consideration the direction 
of current which flows between two diffusion layers (bitline diffusion layer BLD and 
source line diffusion layer SLD) in the memory cell 410. Therefore, this embodiment 
has an advantage of increasing the degrees of freedom in the design stage. 

2. Second embodiment 

A second embodiment is described below with reference to the drawings. 
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FIG. 10 is a cross-sectional view showing a part of the memory block 400 in this 
embodiment. This embodiment differs from the first embodiment as to the material for 
the word gate support section 41 1. In the first embodiment, the word gate support 
section 41 1 is formed of an insulator (silicon oxide, for example). In this embodiment, 
5 the word gate support section 41 1 is formed of a conductor (polysilicon, for example). 
The rest of the details is the same as in the first embodiment. 

Since the word gate support section 41 1 is formed of a conductor (polysilicon, 
for example) and is in contact with the bitline 60, a voltage is supplied to the word gate 
support section 411 from the bitline 60. Therefore, the width of the bitline diffusion 
10 layer BLD can be reduced in the column direction Y, as shown in FIG. 10. 

As a modification according to this embodiment, the nitride film 417 may be 
formed between the word gate 412 and the substrate 414 without being formed to 
extend between the word gate support section 411 and the word gate 412, as shown in 
FIG. 1 1. As shown in FIG. 12, the bitline diffusion layer BLD may be disposed to have 
15 an increased width in the column direction Y so as to reach the word gates 412 on either 
side. 

FIG. 13 is a circuit diagram showing a part of the memory block 400 having the 
feature shown in FIG. 10. Table 8 shows applied voltages in each operation in this 
embodiment. Each operation (read, program, and erase) in this embodiment is 
20 performed by applying voltages as shown in Table 8. The major effects of this 
embodiment are the same as the effects of the first embodiment. 



Table 8 







Selected block 


Unselected 
block 


Unselected memory cell 


Selected memory cell 




























Reverse 
read 


WL 


Vcc 


Vcc 


0 V 


SL 


0 V 


Vcc - Vsa 


0 V 


BL 


0 V 


Vcc 


0 V 
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Program 


WL 


5.5 VorO V 


5.5 V 


0 V 


SL 


Vcc 


0 V 


0 V 


BL 


0 V or 5 V 


5 V 


0 V 


Erase 


WL 


-3 V 


0 V 


SL 


0 V 


0 V 


BL 


5 V 


0 V 



In this embodiment, the FN erase method may also be used. Table 9 shows the 
voltage application state during erasing (FN erase). A symbol Pwell indicates the 
substrate 414 and has the same meaning in all tables. 



5 Table 9 







Selected block 


Unselected block 


Selected memory cell 


Erase 


WL 


-8 V 


0 V 


SL 


5 V 


0 V 


BL 


5 V 


0 V 


Pwell 


5 V 


0 V 



3. Third embodiment 

A third embodiment is described below with reference to the drawings. 

FIG. 14 is a cross-sectional view showing a part of the memory block 400 in the 

10 third embodiment. The difference in structure between the third embodiment and the 
first embodiment is the position of the bitline diffusion layer BLD and the source line 
diffusion layer SLD. In the first embodiment, the bitline diffusion layer BLD is 
disposed below two adjacent word gate support sections 41 1, and the source line 
diffusion layer SLD is disposed between two word gates 412. In this embodiment, the 

1 5 positional relationship between the bitline diffusion layer BLD and the source line 
diffusion layer SLD is the reverse of that in the first embodiment. Specifically, as 
shown in FIG. 14, the source line diffusion layer SLD is disposed below two word gate 
support sections 411. The bitline diffusion layer BLD is disposed between two word 
gates 412 (only a part is shown in FIG. 14). 



As a modification of this embodiment, the nitride film 417 may be formed 
between the word gate 412 and the substrate 414 without being formed to extend 
between the word gate support section 41 1 and the word gate 412, as shown in FIG. 15. 

The voltage application state in each operation of this embodiment is the same 
as the voltage application state in the first embodiment. The effects of this embodiment 
are the same as the effects of the first embodiment. 

4. Fourth embodiment 

A fourth embodiment is described below with reference to the drawings. 

FIG. 16 is a cross-sectional view showing a part of the memory block 400 in the 
fourth embodiment. In this embodiment, a source conductor 422 is formed on the 
source line diffusion layer SLD instead of the poly plug PSLD and two word gate 
support sections 411 formed on the source line diffusion layer SLD in the third 
embodiment. The rest of the details is the same as in the third embodiment. 

As shown in FIG. 17, the nitride film 417 may be formed between the word gate 
412 and the substrate 414 without being formed to extend between the source conductor 
422 and the word gate 412. 

The voltage application state in each operation in this embodiment is the same as 
the voltage application state in the first embodiment. The effects of this embodiment 
are the same as the effects of the first embodiment. 

5. Method of manufacturing the non- volatile semiconductor memory device of the 
first and second embodiments 

A method of manufacturing the non- volatile semiconductor memory device 
according to the first embodiment and the second embodiment is described below with 
reference to the drawings. 
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A first insulating layer 450 (silicon oxide layer, for example) which is a base 
material layer is formed on the substrate 414, and is patterned (see FIG. 18). The ONO 
film 413 is deposited over the entire surface (see FIG. 19). A first conductive layer 460 
(polysilicon layer, for example) is deposited over the entire surface, and the first 
5 conductive layer 460 is etched (see FIG. 20). This allows the sidewall-shaped word 
gate 412 to be formed. 

The ONO film 413 is etched by using the sidewall-shaped first conductive layer 
460 as a mask. An insulator (silicon oxide, for example) is formed over the entire 
surface. A second insulating layer 451 is formed by etching the deposited insulator (see 
10 FIG. 21). 

N-type impurities are injected (ion-implanted) into the surface of the substrate 
414, whereby the source line diffusion layer SLD is formed in the substrate 414. A 
conductor (polysilicon, for example) is deposited over the entire surface. The conductor 
deposited on the surface of the first insulating layer 450 as the base material layer is 
15 etched, whereby a second conductive layer 461 (poly plug PSLD) is formed (see FIG. 
22). 

The first insulating layer 450 which is the base material layer is etched. This 
allows the sidewall-shaped first insulating layer 450 (word gate support section 41 1) to 
be formed (see FIG. 23). 

20 A high concentration of N-type impurities are injected (ion-implanted) into the 

surface of the substrate 414, and an insulator (silicon oxide, for example) is formed over 
the entire surface. The deposited insulator is etched. The surface of the substrate 414 
into which a high concentration of N-type impurities are injected (ion-implanted) is 
subjected to a heat treatment, whereby an N-type impurity diffusion layer having a low 

25 impurity concentration is formed. This allows the bitline diffusion layer BLD to be 
formed in the substrate 414 (see FIG. 24). 



24 



1 



A metal interconnect layer 470 is deposited over the entire surface, and the 
deposited metal interconnect layer 470 is etched corresponding to the interconnect 
pattern. This allows the bitline 60 to be formed (see FIG. 25). 

This is the method of manufacturing the non- volatile semiconductor memory 
5 device according to the first embodiment. This manufacturing method may become the 
method of manufacturing the non- volatile semiconductor memory device according to 
the second embodiment by changing the material used in the step of forming the first 
insulating layer 450, which is the base material layer, from an insulator (silicon oxide, 
for example) to a conductor (polysilicon, for example). 

10 

6. Method of manufacturing the non- volatile semiconductor memory device of the 
third embodiment 

The ONO film 413 is deposited on the substrate 414, and the first conductive 
layer 460 (polysilicon layer, for example) is deposited on the ONO film 413. The first 

15 conductive layer 460 (polysilicon layer, for example) is patterned by using a silicon 
nitride film 480. Specifically, the first conductive layer 460 is etched by using the 
silicon nitride film 480 as a mask. The ONO film 413 is etched by using the silicon 
nitride film 480 as a mask (see FIG. 26). 

The first insulating layer 450 is deposited on the substrate 414. The first 

20 insulating layer 450 is etched, whereby the sidewall-shaped first insulating layer 450 
(word gate support section 41 1) is formed. A high concentration of N-type impurities 
are injected (ion-implanted) into the surface of the substrate 414. The surface of the 
ion-implanted substrate 414 is subjected to a heat treatment, whereby an impurity 
diffusion layer having a low impurity concentration is formed in the substrate 414. This 

25 allows the source line diffusion layer SLD to be formed (see FIG. 27). 

The second conductive layer 461 (polysilicon layer, for example) is deposited on 
the substrate 414. The uppermost surface of the substrate 414 on which each layer is 
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stacked is polished and planarized by using a chemical mechanical polishing (CMP) 
method. This allows the poly plug PSLD to be formed on the source line diffusion layer 
SLD (see FIG. 28). 

The surface of the poly plug PSLD is subjected to an oxidation treatment, 
5 whereby an insulator (silicon oxide) is formed on the surface of the poly plug PSLD. 
The silicon nitride film 480 is removed, and the first conductive layer 460 (polysilicon 
layer, for example) is etched. This allows the first conductive layer 460 (polysilicon 
layer, for example) to be formed in the shape of a sidewall (see FIG. 29). 

The ONO film 413 is etched. The second insulating layer 451 is then deposited 
10 and etched, whereby the second insulating layer 451 is formed as an insulating film (see 
FIG. 30). 

N-type impurities are injected (ion-implanted) into the surface of the substrate 
414, whereby the bitline diffusion layer BLD is formed. The metal interconnect layer 
470 is deposited over the entire surface, and the deposited metal interconnect layer 470 
15 is etched corresponding to the interconnect pattern. This allows the bitline 60 to be 
formed (see FIG. 31). 

This is the method of manufacturing the non- volatile semiconductor memory 
device according to the third embodiment. 

20 7. Method of manufacturing the non-volatile semiconductor memory device of the 
fourth embodiment 

The first insulating layer 450 (silicon oxide layer, for example) is deposited. 
The first insulating layer 450 (silicon oxide layer, for example) is patterned and then 
etched. N-type impurities are injected (ion-implanted) into the surface of the substrate 
25 414, whereby the source line diffusion layer SLD is formed (see FIG. 32). 

The first conductive layer 460 (polysilicon layer, for example) is deposited over 
the entire surface. The surface of the deposited first conductive layer 460 is etched, and 



polished and planarized by using a chemical mechanical polishing (CMP) method (see 
FIG. 33). 

The first insulating layer 450 (silicon oxide layer, for example) is removed, and 
the ONO film 413 is deposited over the entire surface (see FIG. 34). The second 
5 conductive layer 461 is deposited over the entire surface (see FIG. 35). 

The second conductive layer 461 is etched. This allows the second conductive 
layer 461 to be formed as the sidewall-shaped word gate 412. The ONO film 413 is 
etched (see FIG. 36). The second insulating layer 451 is deposited and etched, whereby 
the second insulating layer 451 is formed as an insulating film (see FIG. 37). 
10 N-type impurities are injected (ion-implanted) into the surface of the substrate 

414, whereby the bitline diffusion layer BLD is formed. The metal interconnect layer 
470 is deposited over the entire surface, and the deposited metal interconnect layer 470 
is etched corresponding to the interconnect pattern. This allows the bitline 60 to be 
formed (see FIG. 38). 

15 This is the method of manufacturing the non- volatile semiconductor memory 

device according to the fourth embodiment. 

In the method of manufacturing the non-volatile semiconductor memory device 
according to the fourth embodiment, the step of forming the sidewall-shaped elements 
(word gate support section 41 1 and word gate 412, for example) is performed once. 
20 Since the step of forming the sidewall-shaped elements takes time, this manufacturing 
method has the effect of simplifying the manufacturing steps. 

The present invention can provide a non- volatile semiconductor memory device 
having a small layout area as described above. 

The present invention is not limited to the above-described embodiments. 
25 Various modifications and variations are possible without departing from the spirit and 
scope of the present invention. 
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